**************** 



^ tOTH: 




Disclosure to Promote the Right To Information 

Whereas the Parliament of India has set out to provide a practical regime of right to 
information for citizens to secure access to information under the control of public authorities, 
in order to promote transparency and accountability in the working of every public authority, 
and whereas the attached publication of the Bureau of Indian Standards is of particular interest 
to the public, particularly disadvantaged communities and those engaged in the pursuit of 
education and knowledge, the attached public safety standard is made available to promote the 
timely dissemination of this information in an accurate manner to the public. 



Mazdoor Kisan Shakti Sangathan 
"The Right to Information, The Right to Live" 



Jawaharlal Nehru 
"Step Out From the Old to the New" ' 



IS/ISO 14853 (2005) : Determination of ultimate aerobic 
diodegradability of plastic materials in and aqueous medium 
- Method by Measurement of biogas production [PCD 12: 
Plastics] 



Satyanarayan Gangaram Pitroda 
Invent a New India Using Knowledge 




Bhartrhari — Nitisatakam 
"Knowledge is such a treasure which cannot be stolen" 





BLANK PAGE 




^*-:gv 




^^35^* 



PROTECTED BY COPYRIGHT 



IS/ISO 14853 : 2005 

Indian Standard 

PLASTICS — DETERMINATION OF THE ULTIMATE 

ANAEROBIC BIODEGRADATION OF PLASTIC 

MATERIALS IN AN AQUEOUS SYSTEM — METHOD BY 

MEASUREMENT OF BIOGAS PRODUCTION 



ICS 83.010.01 



© BIS 2009 

BUREAU OF INDIAN STANDARDS 

MANAK BHAVAN. 9 BAHADUR SHAH ZAFAR MARG 
NEW DELH1 110002 

January 2009 Price Group 1 



Plastics Sectional Committee. PCD 12 



NATIONAL FOREWORD 

This Indian Standard which is identical with ISO 14853 : 2005 'Plastics — Determination of the ultimate 
anaerobic biodegradation of plastic materials in an aqueous system — Method by measurement of biogas 
production' issued by the International Organization for Standardization (ISO) was adopted by the Bureau of 
Indian Standards on the recommendation of the Plastics Sectional Committee and approval of the Petroleum, 
Coal and Related Products Division Council. 

The text of ISO Standard has been approved as suitable for publication as an Indian Standard without 
deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention is 
particularly drawn to the following: 

a) Wherever the words 'International Standard' appear referring to this standard, they should be read as 
'Indian Standard". 

b) Comma (,) has been used as a decimal marker while in Indian Standards, the current practice is to 
use a point (.) as the decimal nriarker. 

The technical committee responsible for the preparation of this standard has reviewed the provisions of the 
following International Standards and has decided that they are acceptable for use in conjunction with this 
standard: 

International Standacd Title 

ISO 8245 : 1 999 Water quality — Guidelines for the determination of total organic carbon (TOO 

and dissolved organic cart>on (DOC) 

IS0 13641 (al' parts) Water quality — Determination of inhibition of gas production of anaerobic 

bacteria 

In reporting the results of a test or analysis made in accordance with this standard, if the final value, 
observed or calculated, is to be rounded off, it shall be done in accordance with IS 2 : 1 960 'Rules for 
rourxling off numerical values (revised)'. 
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Indian Standard 

PLASTICS — DETERMINATION OF THE ULTIMATE 

ANAEROBIC BIODEGRADATION OF PLASTIC 

MATERIALS IN AN AQUEOUS SYSTEM — METHOD BY 

MEASUREMENT OF BIOGAS PRODUCTION 

WARNING — Sewage and activated sludge may contain potentially pathogenic organisms. Therefore 
appropriate precautions should be taken when handling them. Digesting sewage sludge produces 
flammable gases which present fire and explosion risks. Care should be taken when transporting and 
storing quantities of digesting sludge. Toxic test chemicals and those whose properties are not 
known should be handled with care and in accordance with safety instructions. The pressure meter 
and microsyringes should be handled carefully to avoid needle stick injuries, Contammated syringe 
needles should be disposed of in a safe manner. 

1 Scope 

This Intemattonal Standard specifies a method foi the determination of the ultimate anaeiebic btcidegradability 
of plastics by anaerobic microorganisms '''he conditions described in this International Standard do not 
necessarily correspond to the opt;mum conditions for the maximum degree of biodegradation to occur The 
test calls for exposure of the test material to sludge for a period of up to 60 days whch .s longer than the 
normal sludge retention time ;25 to 30 days) in anaerobic digesters, though digesters at industrial sites can 
have much longer retention times 

The method applies to the following matenals 

— Natural and/or synthetic polymers, copolymers or mixtures thereof, 

— Plastic materials which contain additives such as plastiazers. colorants or other compounds 

— Water-soluble polymers, 

— Materials which, under the test conditions, do not inhibit the microorganisms present m the inoculum 
Inhibitory effects can be determined using an inhibition control or by another appropriate method (see e g 
ISO 13641) If the test material is inhibitory to the inoculum, a lower test concentration, another inoculum 
or a pre-exposed inoculum can be used 

2 Normative references 

The following referenced documents are indispensable for the application of this document For dated 
references, only the edition cited applies For undated references, the latest edition of tfre referenced 
document (including any amendments) applies 

ISO 8245, Water quality — Guidelines (or the determir)ation of total organic cartoon (TOC) and dssotved 
organic cartxyn (DOC) 

ISO 13641 (all parts). Water quality — Determination of inhibition of gas production of anaerotx bacteria 
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3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

3.1 

uittmate anaerobic biodegradation 

breakdown of an organic compound by microorganisms in the absence of oxygen to carbon dioxide, methane, 
water and mineral salts of any other elements present (mineralization) plus new biomass 

3.2 

primary anaerobic biodegradation 

structural change (transformation) of a chemical compound by microorganisms, resulting in the loss of a 
spedfk; property 

3.3 

iHgMrtBd sludge 

mixture of settled sewage and activated slud^ which have been incubated in an anaerobic digester at about 
35 *C to reduce the biomass and odour and to improve the dewaterability of the sludge 

NOTE Digested sludge contains an association of anaerobic fermentative and methanogenjc bacteria producing 
cartMn dioxide and meitiane. 

34 

concentration of suspended solids in digested sludge 

»nount of solids obtained by filtration or centrifugation of a known volume of activated sludge and drying at 
about 105 *C to cor^tant mass 

3.S 

dissolvsd organic cart>on 

DOC 

organk: cartoon in the water phase whk* cannot be removed by specified phase separation, for example by 
centrifugatJon at 40 000 m s-^ for 15 min or by membrane filtration using membranes with pores of 0,2 pm to 
0,45 pm diameter 

3.e 

irwrganic caitKMi 
IC 

morganic cartoon whk:h is dissolved or dispersed in the aqueous phase of a liquid and is recoverable from the 
supernatant Itqukl after the sludge has been alkiwed to settle 

3.7 

total dry solids 

the amount of solkjs obtained by taking a known volume of test material or inoculum and drying at about 
105 'C to constarrt mass 

3.« 

Iheoratical amount of svolvsd bioga* 
ThWogas 

"»**"""' theoretical amount of btogas (CH4 + CO2) evolved after complete biodegradation of an organic 
material under anaerobic condttkms, cak:ulated from the molecular formula and expressed as millilitres of 
bragss evolved per mIKgram of test material ufKler standard conditions 

3J 

theorsUcal amount of ewolvml cartmn dioxide 
HiCOj 

!!^!?!I!!f!l J*"*****^ amount of carbon duxide evolved after complete oxklafion of an organk: material, 
ctfojiated from the molecular formula and expressed as milligrams of carbon dk)xide per mHligram of test 
material 
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3.10 

theoretical amount of evolved mettwne 

ThCH^ 

maximum theoretical amount of methane evolved after complete reduction of an organic material, calculated 
from the molecular formula and expressed as milligrams of methane evolved per milligram of test matenai 

3.11 

lag phase 

lag period 

time, measured in days, from the start of a test until adaptation and/or selection of tf>e degrading 
microorganisms is achieved and the degree of biodegradabon of a chemical compound or organic matter lus 
inaeased to about 10 % of the maximum level of t>iodegradation 

3.12 

plateau phase 

time, measured in days, from the end of the btodegradation phase until the end of the test 

3.13 

biodegradatiort phase 

time, measured in days, from the end of the lag phase of a test until at>out 90 % of the maximum level of 
biodegradation has been reached 

3.14 

maximum level of biodegradation 

degree of t>iodegradation. measured in percent, of a chemical compound or organic matter in a test, above 
which no further biodegradation takes place during the test 

4 Principle 

The biodegradability of a plastic material is determined using anaerobic conditions in an aqueous system 
Test material with a concentration of 20 mg/1 to 200 mg/l organic cartwn (OC) is it>cul)ated at (35 i 2) "C in 
sealed vessels together with digested sludge for a penod normally not exceeding 60 days Before use. ttie 
digested sludge is washed so that it contains very low amounts of inorganic cartx>n (IC) and diluted to 1 g/l to 
3 g/1 total solids concentration The increase in headspace pressure or ftie volumetric increase (deper>ding on 
the method used for measuring biogas evolution) in ttie test vessels resulting from the production of carbon 
dioxide (CO2) and methane (CH4) is measured A considerable amount of CO2 will be dissolved m water or 
transformed to bicartxinate or cart)onate under the cortdittons of the test This morganic cartx>n (IC) is 
measured at the end of the test The amount of microbiotogicaHy produced t>iogas cart>on is calculated from 
the net biogas production and the net IC formation in excess of blank values The percentage biodegradation 
is calculated from the total amount of cartxw transformed to bk)gas and IC and the measured or calculated 
amount of carbon added as test material The course of biodegradation can be followed by making 
intermediate measurements of tnogas production. As additional information, the pnmary biodegradatHlity can 
be determined by specific analyses at tfie beginning and end of the test 

This test metfKx) is designed to determine the biodegradability of plastic materials urvler anaerobic conditions 
Optionally, the assessment of tt>e recovery rate may also be of interest (see Annex G) 

5 Reagents and materials 

5.1 Distilled or deionized water, free of toxic substances, containing less than 2 mg/1 of DCX 

5.2 Test medium, prepared using only reagents of reoogntzed analytical grade 
Prepare the test medium to contain the following consWuerrts m the stated amounts 
Anhydrous potassium dihydrogen phosphate KH2PO4 0.27 g 
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Disodium hydrogen phosphate dodecahydrate 

Ammonium chloride 

Calcium chloride dihydrate 

Magnesium chloride hexahydrate 

Iron(ll) chloride tetrahydrate 

Resazurin (oxygen indicator) 

Disodium sulfide (see note) 

Stock solution of trace elements (optional) 

Stock solutions of vitamins (optional) 



Add water (5.1) (oxygen- free) to 

Adjust the pH of the medium with dilute mineral acid or alkali, if necessary, to 7 ± 0,2. 

To ensure oxygervfree conditions, purge the water with nitrogen for about 20 min immediately tiefore use. 

Use freshly prepared sodium sulfide, or wash and dry it before use, to ensure sufficient reductive capacity In 
order to ensure strictly anaerobic conditions, it is recommended that a small amount of sodium dithionite be 
added to the medium after it has t>een prepared until it becomes colourless Do not use more than 10 mg/1, 
because higher concentrations may produce inhibitory effects. 

5.3 Trac«-«l«fn«nt solution (optional). 

It is recommended that the test medium be supplemented with the following trace elements to improve the 
anaerobic degradation process, especially if low inoculum concentrations are used: 



Na2HP04l2H20 


1,12g 


NH4CI 


0.53 9 


CaCl22H20 


0,075 g 


MgCljeHjO 


0,10 g 


FeCl24H20 


0.02 g 




0.001 g 


NajSgHjO 


0,1 g 




10 ml 


Vitamin solution No. 1 


0,5 ml 


Vitamin solution No 2 


0,5 ml 




n 



Manganese chtoride tetrahydrate 


MnCljAHjO 


0.05 g 


Boric ack) 


H3BO3 


0,005 g 


ZmccMoride 


ZnClj 


0.005 g 


Copper chkxide 


CuClj 


0.003 g 


Diso(£wn moiybdata dttiydrate 


Na2Mo04 2H20 


0.001 g 


Cobalt chlorklfl hexahydr^e 


C0CI26H2O 


0,1 g 


l«ckal ohtoride hmahyifr^ 


NiClzOHjO 


0,01 g 


Oitodiun) t6lofiito 


NajSeOa 


0.005 g 


OitodlumtunBitata 


Na2W042H20 


0,002 g 


Add watv (5.1) (<nygen frM) to 
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Itea 10 ml (rf traca-fllamem soUion per Hre of test medium. 
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5.4 Vitamin solutions (optional) 

5.4.1 Vitamin solution No. 1 

4-Aminobenzoic acid 40 mg 

D-Biotin 10 mg 

Dissolve in hot water (5 1 ) 500 ml 

Allow to cool and add 

D-Pantothenic acid, calcium salt 50 mg 

Pyridoxamine dihydrochloride 150 mg 

Ttijamine dichloride 100 mg 

Filter the solution through a membrane filter (pore size 0,45 pm) that neither adsorbs rwr releases organic 
carbon in significant amounts, and store in the dark at 4 °C 

Use 0,5 ml of vitamin solution per litre of test medium 

5.4.2 Vitamin solution No. 2 

Cyanocobalamin (vitamin B 1 2) 1 mg 

Dissolve in water (5 1) 100 ml 

Filter the solution through a membrane filter (pore size 0,45 pm) thai neither adsorbs nor releases organic 
carbon in significant amounts, and store In the darV at 4 °C 

Use 0,5 ml of vitamin solution per litre of test medium 

5.5 Barrier solution 

NaCI 200 g 

Dissolve in water (5 1) 1 000 ml 

Acidify with citric acid 5 g 

Add a pH-indicator such as bromophenol blue or methyl orange in order to be able to verify that the solution 
remains acid during the test 

5.6 Test material 

The test material is usually added directly as solid to give a concentration of 20 mg/1 to 200 mgA organic 
cartwn The test material (plastic) should be used in powdered form if possible 

The tjiodegradability of plastic materials which are not inhibrtory to microorganisms can be determmed using 
concentrations higher than 200 mg/l organic cart>on. In this case, ensure that the buffer capaaty and mineral- 
sall content of the medium are sufficient 

5.7 Reference material 

Use a well-defined anaerobicalty biodegradable polymer, eg poty-P-hydroxybutyrate. ceWutose or 
poly(ethylene glycoO 400 as a reference material If possible, the form, size, solubility and concentration of the 
reference material should be comparable to that of the test matenal 
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Prepare the reference material in the same way as the test material 
5.8 Inhibition control (optional) 

Add both the test material and the reference material to a vessel containing test medium (5 2) to give the 
concentrations specified in 5 6 and 5 7, respectively. 

6 Apparatus 

6.1 Laboratory equipment 

Required is usual laboratory equipment, plus the following: 

6.1.1 Incutiator or water or sand bath, thermostatically controlled at (35 ± 2) °C. 

6.1.2 Carbon analyser, suitable for the direct determination of inorganic carbon in the range 1 mg/1 to 
200 mg/1 !C 

6.2 Apparatus for use wtien blogas is measured by a manometric method 

6.2.1 Pressure-resistant glass test vessels, nominal size 0,1 litre to i litre, each fitted with a gastight 
septum capable of withstanding about 2 000 hPa (for an example, see Annex A). The headspace volume shall 
be about 10% to 30% of the total volume If gas is released at regular intervals, about 10% headspace 
volume IS adequate, but if gas is released only at the end of the test. 30 % is more appropriate. 

NOTE From a practical point of view, the use of serum bottles S3aled with butyl rubljer serum caps and crimped 

alummium rings is recommended 

6.2.2 Pressure-measuring device, eg. a manometer connected to a suitable syringe needle, with a 
gastight three-way valve to facilitate the release of excess pressure Use and calibrate the device in 
accordance with tfie manufacturer's instructions. 

NOTE It a necessary to keep the internal volume of the tubing and the valve as low as possible so that errors 

introduced by neglecting the volume of the device are not significant 

6.3 Apparatus for use when blogas is measured by a volumetric method 

6.3.1 Glass test vessels (eg conical flasks or bottles), nominal size 0.1 litre to 1 litre, preferably 300 ml for 
every 250 ml of medium If foaming is not expected to occur, a headspace volume of 10 % to 20 % is 
recommended The vessels shall t>e equipped with a septum for gas sampling (see Annex B) and shall be 
connected via gastight tubing to a graduated glass gas-collection tube which is filled with addified salt solution 
(tamer solution 5 5) This graduated glass lube shall be connected to an expansion tank which can be moved 
up and down to bring the surface of the acidified solution in the expansion tank to the same level as that in the 
gas-coiection tube. 

7 Procadurs 
7.1 Ganerti 

Carry out the foUowing inNial operations using techniques which will ensure that the digested sludge comes 
wrto contact with oxygen as tittle as practic^)le, eg. work in a gk>ve-box in an atmosphere of nifrogen or purge 
the test vessels with n^rogen. 
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7.2 Digested sludge 

Collect digested sludge from a digester at a sewage treatment plant treating predominantly domestic sewage 
Be sure to collect active sludge Use wide-necked bottles made of high-density polyethylene or a similar 
material whicti can expar>d Glass is not recommended for safety reasons Fill the twttles to within 1 cm of ttw 
top and seal After transport to the lat>oratory. use directly or place in a lat)oratory-scale digester Release 
excess biogas. 

Aitemattvely. use a lat>oratory-grown anaerobic sludge as a source of the inoculum 

Consider pre-lncubation of the sludge to reduce background gas production and to decrease the influence of 
the blanks. Allow the sludge to digest, without the addition of any nutnents or substrates, at (35 i 2) 'C for up 
to 7 days. 

It has been shown that pre-lncubation for about 5 days gives an optimum decrease in gas production by the 
t)lank without an unacceptable increase in either lag period or incubation [jenod during the test For lest 
materials which are expected to be poorly biodegradable, consider pre-mcubating the sludge with the test 
material to get a better adapted inoculum In such a case, add test material with a concentration of 5 mg/1 to 
20 mg/I OC to the digested sludge Wash the pre-incut)ated sludge carefully before use Indicate m the test 
report that pre-incubation was carried out 

7.3 Preparation of the inoculum 

Wash the sludge just prior to use to reduce the IC content to less than 20 mg/I in the final lest suspension If 
the IC has not been sufTiciently lowered, wash the sludge an additional two times Finally, suspend tfie sludge 
in the requisite volume of test medium (5 2) and determine ttie concentration of total solids (see 3 7) The final 
concentration of total solids in the test vessels shall be in the range 1 g/1 to 3 g/l Conduct the above 
operations in such a way that the sludge has minimal contact with oxygen (e g. use a nitrogen atmosphere) 

7.4 Preparation of test suspensions and controls 

At least three test vessels F^ shall be prepared for ttte test material, at least three for \he blanks Fg and at 
least one vessel Fp for ttie positive control (reference material) One or more vessels F, may optionaBy t>e 
prepared for each test material as an inhibition control (see Table 1) The same blanks and controls can be 
used for several different test materials which are being tested together Into all the vessels, introduce aliquots 
of the diluted inoculum prepared in 7.3 so that the concentration of total solids is the same in all the vessels -— 
between 1 g/1 and 3 g/1. Add the test material (5.6) and the reference material (5 7) to the appropriate vessels 
The OC concentration in the test suspenswns shall normally be 100 mg^ In the case of toxic test materials, it 
may be reduced to 20 mg/I OC or even less if only the primary biodegradatMlity is to t>e determined with 
specific analyses 

NOTE Using lower test concentrations may result in a greater scatter of the test results 

In the case of the blank vessels, add equivalent amounts of oxygen-free water (5 1) instead of the test 
material. An extra (replicate) test vessel containing test suspension may also t>e prepared for analyses, 
carried out at the tieginning of tfie test, to determine the pH ar>d. if required, the total solids and IC 

Adjust the pH to 7 ± 0.2, if necessary, with small amounts of dilute mineral actd or alkali Add the same 
amount of neutralizing agent to all the test vessels If the pnmary degradab^ity is to be measured, take a 
suitable sample from tfie extra test vessel and measure the test matenal concentration using a suitable 
method. P\ace magnetic stirrer bars in the vessels if tt>e test suspensions are to t>e stirred (optional) Ensure 
that the total volume of HqukJ V^ and the vohwne of the headspace i h are ttie same in aR vessels (see 6 2 1) 
Note v^^ and v^ (see Clause 8). If necessary, add additional oxygen-free test medium (5 2) Seal each vessel 
with a gaslight septum and put ttiem mto the incubator (6 11) 
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Table 1 — Scheme of test and control assays 



VSSMI 


Test material 


Reference material 
(btodegradable) 


Inoculum 


F„ Test 


*■ 




+ 


Frj Test 


-t- 




+ 


Ffj Test 


•■ 




+ 


Fg, Blank 






+ 


Fgj Blank 






+ 


Fg3 Blank 






f 


Fp Posifcve control 




+ 


+ 


Extra replicate for analysis at 
beginning of test 


- 




+ 


F, Inhibition control (optional) 


+ 


+ 


+ 



7.5 Incubation and gas measurement 



7.5.1 General 

Incubation shall take place in sealed vessels at a constant temperature of (35 ± 2) °C, a normal temperature 
for an anaerobic digester, in the absence of oxygen, initially in an atmosphere of pure nitrogen. 



7.5.2 Gas measurement using a manometer (see Annex A) 



Incubate the prepared vessels at (35 ± 2) °C for about 1 h to allow equilibration, and vent excess gas to the 
atmosphere, for example by shaking each vessel in turn, inserting the needle of the manometer through the 
seal and opening the valve until the manometer reads zero If at this stage, or when making intermediate 
measurements the headspace pressure is less than atmospheric, introduce nitrogen gas to re-establish 
atmospheric pressure Close the valve and continue to incubate in the dark, ensuring that all parts of the 
vessels are maintained at the incubation temperature 

Observe the vessels after incubation for 24 h to 48 h. Reject vessels if their contents show a distinct pink 
coloration in the supernatant liquid This is due to a change in colour of the resazurin, indicating the presence 
of oxygen While small amounts of oxygen can be tolerated in the system, higher concentrations can seriously 
inhibit the course of anaerobic biodegradation 

Carefully mix the contents of each vessel by stirring or shaking for a few minutes at least two or three times 
per week and before each pressure measurement Measure the gas pressure, for example by inserting 
through the septum, the syringe needle connected to the manometer. Record the pressure in hectopascals. 

Shaking resuspends the inoculum and ensures gas equilibrium. While measuring pressure maintain the gas 
c. 1.^.!^^*^ ^' ^^ incubation temperature Take care to prevent water entering the syringe needle 
Should this occur, dry the wetted parts and fit a new needle 

Erther measure the gas pressure in the vessels weekly, venting excess gas to the atmosphere, or measure 
the pressure only at the end of the test to detect the total amount of bkjgas produced It is strongly 
recommended, however, that intermediate readings of gas pressure be made, since the pressure increase 
provides guidance as to when the test may be temrtinated and allovw the kinetics to be followed. 

7.5.3 Gas measurement using a votuntetric device (see Annex B) 

lifrt^T'Jf "''^'' T ^"^""^^'^ '" a graduated glass tube separated from the atmosphere by a Iwrrier 
solutKjn m such a way that the pressure remaps nearly constant (except for atmospheric pressure changes) 
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during the test After incubation of the prepared vessels at (35 1 2) *C for about 1 h, vertt excess gas to tt» 
atmosphere, for example by shaking each vessel in turn, inserting a synnge needle through ttw se(Mum seal 
and allowing gas to escape until the surface of the barrier solutK>n in tt>e gas-collectton tube reaches zero 
Make sure that the surface of the banier solution in the expansion tank is at tfte same level as »i the gas- 
collection tube Remove the syrir>ge needle and continue to iiKubate in the dark, ensunng that aM parts of all 
the vessels are maintained at the incubation temperature 

Readings of the gas volume can be made directly from the gas-colledion tube Before takir>g a reading bring 
the surface of the liquid in the expansion tank to the same level as the surface of the liquid in the collection 
tube so that the gas volume is read at atmospheric pressure (see Anr>ex B for operating instructions) Make a 
sufficient number of measurements of gas volume, pressure and temperature (normafly every day) to 
determine the rate of gas production. More frequent readings in the eariy stages may be required, with less 
frequent readings needed as time progresses. 

7.6 Test duration 

The normal test duration is 60 days Ttie test may be terminated earlier if tt>e biodegradation curve obtained 
from the pressure or volume measurements has reached a plateau phase (see 3 12) If. at the end of ttie 
normal incubation period, an obvious plateau phase has not been reached, ttie test can be extended till suc^ 
time as a plateau phase is reached However, the test duration shall not exceed 90 days 

7.7 Measurement of inorganic cartwn 

At the end of the test, after the last measurement of gas pressure or increase in gas volume, altow the sludge 
to settle, open each vessel and immediately determine the corK:entration of inorganic caft>on (IC) (in mg/l) in 
the supernatant liquid. The supernatant liquid shall not t>e centrifuged or fMered at this stage (see Note) Alter 
IC measurement, record the pH. Carry out similar measurements on ttte blanks. tt>e reference material and 
any optional controls. 

NOTE Centrifugation or nitratk>n woukJ result in an unaocaptattle kxs of dissolved carbon dioxide If 9m t»n^Aa al 
supernatant liquid cannot be analysed immediataiy, it may be ttomd in a suitable sealed vial, without headspaoa. at about 
4 'C for up to 2 days. 

In some cases, especially if tfie same blanks or controls are used Ux several different test materials, give 
consideration to measuring intermediate IC cortcentratkHis in the test and control vessels In ttvs case, use the 
following procedure. 

After measuring the gas pressure or the volume increase witt>out releasing excess gas. take an aliquot of tfie 
supernatant Ik^uid which is as small as possit>le with a syringe through the septum wttftout opening the vessel 
and determine the IC in the sample After having taken tfie sample, excess gas may be vented from the 
vessel (see 7.5) 

Note that even a small decrease in the volume of the supernatant liquid (eg about 1 %) can produce a 
significant increase in the volume of the headspace Correct Equatkxi (3) in 8 2 by irKreasir>g t ,4 if necessary 

7.8 Specific analyses 

If primary anaerobic biodegradability is to be determined, perform specific analyses of the test material in the 
replk^ate flask (see 7 4) at ttie beginning arnl ttie end of the test If this is done, note that tfw volume of tfw 
headspace {i\^) and the liquid {l\) will be changed and this will have to be taken into consideration when 
calculating the results 
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8 Calculation and expression of results 

8.1 Amount of cart>on in headspace 

1 moi of methane and 1 mol of carbon dioxide each contain 12 g of carbon. Calculate the carbon content of a 
given volume of evolved gas using Equation (1): 

m = 12 000 n 0) 

wtiere 

m is the mass of carbon, in milligrams, in a given volume of evolved gas; 

12 000 is the relative atomic mass of carbon, in milligrams; 

n is the number of moles of gas. 

8.2 Calculation of amount of cartmn in headspace when manometric measurement method 
used 

Calculate n from the gas law as given by Equation (2): 

n = ^— (2) 

RT ^-' 

wf>ere 

n Is the number of moles of gas; 

p is the pressure, in pascals, of the gas; 

y is the volume, in cubic metres, of the gas; 

R is the molar gas constant (8.314 J/mol K); 

r is the incutiation temperature, in Kelvins. 

CateuWe the net mass of carbon (after subtracting the mean blank values) produced as gas in the headspace 
from the test material using Equation (3): 



wt«ere 



12000»0,1>«(dp «>H) 

-^ (3) 



Mh is me net mass, in milligrams, of carbon produced as gas in the headspace; 

K|, i8ttievolumeoftheheadspa<», inHfres; 

^ 1^ '^^ ^^T^^^^T" '^J"*^' ^ *^' P^«""^es, In hectopascals, in each test 

wesset ntmus that for the blank vessels; 

0,1 « a «»nver5ion factor for both hectopascals to pascals and litres to cubic metres; 
1 2 000 is the relative atomic mass of carbon, in milligrams. 

For the nonnal incubation temperature of 35 'C (308'K), Equation (4) can be used: 

M^ = 0.468 »{AprH) .^ 

10 
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If appropriate, the course of the biodegradation can be followed by ptotting the cumulative pressure mcraase 
.V. in hectopascals, against time From this curve, the lag phase (see 3 11) can be identified and recorded in 
days (for an example, see Annex C) 

8.3 Calculation of amount of carbon in headspace when volumetric ntaasurement method 
used 

When the amount of biogas produced is measured vdumetncaHy. such as by a liquid displacement system, 
use Equations (2.1), (3 1) and (4 1) to calculate n and m^: 

n JP-P-^^' (21) 

RT 

12000xO,1x(;,-p^)xArH 

'"" = w ^^ ^ 

OTi, =0,468 x(p- 5,62) xAI'h (4 1) 

where 

P^ is the pressure, in hectopascals, of water vapour at the Incubation temperature (see Annex E for a 
table of water vapour pressures): 

p is the atmospheric pressure, in hectopascals; 

5,62 is the water vapour pressure, in hectopascals, at 35 "C, 

Ai)^ is the mean difference between the initial and final volumes, in litres, of the headspace in each 
test vessel minus that for the blank vessels, 

the other symbols are as defined for Equations (2). (3) and (4) 

8.4 Amount cf inorganic cartx>n in the liquid 

Calculate the carbon content of the liquid in the test vessels using Equation (5) 

'"L = ^'ICnet ' L (5) 

where 

m^ is the mass. In milligrams, of inorganic cartx>n in the Mquid, 

^1c net '^ *^® mean concentration of inorganic carbon, in milligrams per litre, in the test vessels mmus 
that in the blank vessels at the er>d of the test, 

I \ is the volume, in litres, of liquid in the vessel. 

8.5 Total amount of cart>on converted to gas 

Calculate the total amount of cartwn converted to gas using Equatkjn (6): 

mj = mj, + m^ (6) 

where 

nt, is the total mass, in milligrams, of cartxjn converted to gas; 

m^ and mi are as defined in 8 2 and 8 4 
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8.6 Amount of cartMMi in test matorial 

. . . _,, i„ ^ ,„, material the mass of cartwn in the test material in each 

Calculate, from the concentratKxi of cartxxi r the test materai, me m«»a u 

vessel using Equation (7); 

(7) 

'"v = PCy K 

where 

m^ IS the mass, in milligrams, of carton in the test material; 

y;t V 's the concentration, in milligrams per Wre. of carbon in the test material; 

»L is the volume, in litres, of liquid in the vessel. 

8.7 Calculation of percentage biodegradation 

Calculate the percentage biodegradation from the headspace gas measurements using Equation (8) and the 
total percentage biodegradation using Equation (9); 

m^xtOO (8) 

L>h 

^ _ m,>.100 (9) 

wfwre 

£)^ is the percentage biodegradation from the headspace gas measurements; 

O^ is the total percentage biodegradatkm; 

m^. m^ and m, are as defined in 8.2, 8.6 and 8.5, respectively. 

9 Validity of r«suits 

9.1 Maintenance of anaerobic condition* 

Use onty data from vessels which contained no oxygen, i.e. which showed no pink coloration. Contaminatk>n 
by oxygen can be mintmized by the use of correct »iaerobic handVng techniques. 

9.2 Inhibition of diigradation 

Gas proifciction in the vessel containing both test materia and reference material shall be at least equal to ttiat 
in the vessel with reference mrterial only If it is not. then this intficates that gas production is being inhibited. 
In the tatter case, repeat the test using a lower concentration of te^ material, but not less than 20 mg/l 00 
(see 7.4). 

9JI VaOftttyoftiwtMt 

CoTOider «w teit to be vaid if the reference material has a plateau phase that represents >70% 
bio<legraditton(iee bWloyaphic reference KDtfthepHattheendofthetestis outside the range 7 ± 1 and 
insuflkMiM biodegradation has taken piece, the test shaB be repeated using a test medium (5.2) with higher 
buffer capadly If less th» 70% biodegradation is obsened with the positive reference (on the basis of 
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measurefnents of the amount of bk>gas in the headspace and IC in ttie liquid). tt>e test shall be regarded as 
invalid and shall be repeated with fresh Inoculum 



10 Test report 

The test report shall contain at least the followtng information: 

a) a reference to this International Standard; 

b) all information necessary to identify the test and reference materials, includir»g their TOC, ThC, ThC02. 
ThCH4, chemical composition and formula (if known), shape, form and amount/concentration in the 
samples tested: 

c) the cofKentration of the test material in the test flasks: 

d) details of the way in which the amount of bk>gas produced was measured (eg type of pressure- 
measuring device or volume-measuring system used] and of the cartxMi analyser used to measure IC. 

e) ail the results obtained during the test from the test vessels, blanks, positive controls and inhibition 
controls, if used (eg pressure in hPa, volume in ml and IC in mg/l), in tabular form (examples of data 
sheets are given In Annex D), plus the statistical treatment of the results; 

f) information on the inoculum, including source, date of collection and use, storage, handling, any 
adaptation to the test material and any other pre-incubation; 

g) the irKubation temperature; 

h) the volume of the liquid (y^) and the headspace (ly,) in the vessels. 

I) the pH and IC of the test suspensions at tt>e beginning and tt>e end of the test. 

j) the concentration of the test material at ttte lieginning and the end of the test if speofic analyses were 
carried out; 

k) the biodegradation curve plotted from the headspace gas measurements; 

I) the percentage biodegradat>ility of the test material and the reference material (mean values), the final 
test result being indicated as a 10 % range (eg. 20 % to 30 %); 

m) the duration of the lag phase and the degradation phase and the duration of ttie test 
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Annex A 

(informative) 

Example of apparahis for detennining ttie amount of biogas produced 
by measuring the increase in gas pressure 




Km, 

' test *usp«n»ion (volume i\) 

2 h«adsp«c« (volume r„) 

3 gatbgrn seal 

4 •yrmgeneetSe 

5 manometer 
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Annex B 

(informative) 

Example of apparatus for determining voiumetrically 
the amount of biogas produced 
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Key 

1 graduated glass gas-collection tube (capacity 1 SO ml to 9 
200 ml) 

2 gas-sampling port 

3 mmimum tiea(tepace 5 ml 

4 headspacegas 

5 l>arrier solution 

6 glass tube aRowing gas evolved to pass into cofection 
tube 

7 tieadspace (volume Kh) 

8 test suspension (volume KJ 



magnetic stirrer 

10 test vessel (capacity 300 ml to 350 mi) 

1 1 gas- or iKiud-sampbrig port 

12 purging prot>e 

13 flexibte cormecbng tubing 

14 reservotr (open to atmoephere) of tiwrier toiuiion, 
ac^tabte in hetght 

15 position (maasufwneni position) 

16 position 1 (for checkng leaMig^ttness) 



Figim B.1 — Apparatus for datennMng votumaMcaRy tti* amount of bio^s producad 
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B.I Purging with N2 or Ar 

In order to ensure an oxygen-free atmosphere within the system, connect the test vessel to the gas-collection 
tut>e while passing a stream of oxygen-free gas over the surface of the test suspension. This can be done by 
means of a purging probe, introduced through the septum in the sampling port of the test vessel, as follows. 
Close the gas-sampling port of the gas-collection tube so that the gas which evolves will push the barrier 
solution round into the reservoir tank. Then open the gas-sampling port until the gas-collection tube is refilled 
with barrier solution (do not overfill the gas-collection tube, but maintain a minimum headspace of about 5 ml). 
Repeat the purging procedure two or three times Then remove the purging probe and check the gastightness 
as described below 

B.2 Checking gastightness 

With the gas-collection tube connected to ttie test vessel, fill tfie gas-collection tube with barrier solution and 
dose ttie gas- and liquid-sampiing port. Then move the reservoir (connected by flexible tubing to the gas- 
collectkMi tube) to position 1 to create a kjw pressure in the gas-collecBon Xube. if the system is not gaslight, 
the banier solution will Itow from the gas-collection tut>e Into the reservoir. If the system is gastight, raise the 
reservoir to position This is the position at whrch the surface of the barrier solution in the reservoir and in 
the gas-collectnn tube are at the same level, so that the volume of biogas produced can be measured at 
atmospheric pressure. 
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Annex H 

(informative) 

Example of a workflow scheme 
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Annex C 

(informative) 

Example of a biodegradation curve 
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Annex D 

(informative) 

Examples of data sheets for anaerobic biodegradability tests 



This annex grves examples of data sheets for use when pressure (manometric) measurements are made and 
when volume measurements are made. 
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Anatrobic blodegradabiiity test — Data sheet for PRESSURE measurements 



Laboratory: 

Test temperature: 



Test material. 



Test No: 



_(*C) Headspace volume (K„) 



(litres) Volume of liquid {yj (litres) Carbon In test material pq ^ 



.(mg/l)m, ' 



.(mg) 



Day 


Pi 

(te«t) 

hPa 


Pi 
(twt) 

hPa 


Pi 
(twt) 

hPa 


P 

(tMt) 

hPa 


Pa 
(blank) 

hPa 


Pi 
(blank) 

hPa 


Pe 
(blank) 

hPa 


P 
(blank) 
mean 

hPa 


P (net) 

test mean 

minus blank 

mean 

hPa 


A/7 (net) 
cumulative 

hPa 


tieadspace C " 

mg 


degree of 
biodegradation ''■ 

% 


































































































































































































































































































tMl 

mg/1 


teat 

mg/l 


'1c 3 
tMt 

mg/t 


'1c 
teat 

mean 

mg/l 


'V: 4 
blank 

mg/l 


Wank 

mg/l 


'■te.8 
blank 

mg/l 


Pic 
blank 

mean 

mg/l 


test mean 

minus t>lank 

mean 

mg/l 


CIn 
liquid " 

nrig 


total C • 

mg 


total degree of 
biodegradation ' 

% 


IC 
(aland) 


























PH 


























• Carbon in last vessel, «, (mg) w, «<ic. 'l 

'' CarboniP leadspaceM^ (ma)at nornialincutiatKMi tempefatufe(35*C) <«► 46a(V 'h> 

' Oey«» of BKxJegradatran />„ca(cul«ed from headspace gas measurements ,'v = — 

" Caftxjnm iKjwd «. (m<j) .ii-ac-w 'l 

• Tot* gasified c*rt)on m, (mg) m, ^ m„ • m.^ 

' ToWdBgreeofbiodegrjKJation /!,(%) ,),-"'-,.'£? 



o 



ui 



S Anaerobic biod«grsd«bility tost — OaU •h—t for VOLUME rrtMi»ur*m*nts 



lAbo^atiy'v 



T*ii mrr>f)m<»<uim 



T««! mal»fi«l 



Tci«l No 



j'Ci He<Kt»p«ca vokima i 



I. ■!»•»( s/otumt erf hquid i * - 



|i>tf»t) CartxMi m le»l mawnal ,y^ , 



srH^'?; M • 



i">9' 



0«y 


AKtMM 
p<r««a 


Biogaa m 

ml 


(t«MJ 

ml 


BiogM It 

ml 


i 

niAan 

Bogat r 

mi 


B<oga« in 

mi 


(ftttn*) 

Bogaa f\ 

ml 


»6 
fbUnk) 

Boga* »! 

mf 


(blank) 
maan 

Bioga* if\ 

ml 


' (n«) 
laat maan 

mtnua 

Mank maan 

Bioga» in 

ml 


M (na«) 
cumulattva 

Biogas m 

ml 


"t, 
haa<tapacaC '^ 


dagraa of 
btodagradatton ' 
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mg/l 


tMt 

mg/t 


^V:4 
blank 

mg/l 


Ac, 
btanh 

mj)/1 


blank 

mg/l 


blank 

rrig/l 


taat maan 

minua 
blank maan 

mg/l 


m^ 

CIn 

liquid 

mg 


toUIC 

mg 


toul dagraa ot 
blodagradatlon ' 

% 


(«l«nd) 




























pH 




























* Carton lo h««rt»pK» «„ (mg) * normal incue«Oar> l«fnpw»tur» (35 X) -^ - 46a ■ (/>- ^.j.al'n) wheie/. u the atmoipnefic pfMSure and />, it thewatw vapour p(o»»o.e 
' C}«grM 0* txodagradation ()„ calculatad from haampan ga* Twatufemonw .'(^ - --5 

^ Carton «i kqud •<^ (mg) -,. - />ic « 'i 

• Total gatiilad arton, «, (mg) •,.«„. m^ 

' Total dagrM ol biada(radation. jj, {%) n, • ?i-' — 
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Annex E 

(informative) 

Table of water vapour pressures at various temperatures 



7 

•c 


P 
KPa 


20 


2 338 8 


21 


2 487 7 


22 


2.644 7 


23 


28104 


24 


2 985 


25 


3.1690 


--■- 


26 

27 


3 362 9 

3,5670 


- 


28 
29 


37818 
4 007 8 




30 


4 245 5 



7 

•c 



31 
32 
33 



34 



35 



36 
37 
38 
39 
40 
41 



KPa 



4 495 3 

4 76? e 

5 033 5 

6 322 9 



s.eser 



5 945 3 

6 2r9S 
6 62S8 

6 996 9 

7 3814 
7 7*4 



Data taken from CRC Handbook of Chemistry and Physics '*> 
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Annex F 

(informative) 

Calculation of theoretical carbon dioxide (ThC02) and 
theoretical methane (ThCH4) production 



The maximum theoretical amounts of CO2 and CH4 produced are given by Equation (F.I) according to 
Buswell and Mueller I^' 

C^H,0„.!c-^-°lH20^f£>^-°|CH4+f^--*-lc02 (F.I) 

' I, 4 2j ^ U 8 4,) * (,2 8 4J ^ 

The extended Buswell and Mueller equation for materials containing nitrogen and/or sulfur is given by 
Equation (F.2): 

C.H„O.N,S..(c-^-^.^.i]H,0-.|;£.|-£-f-l)cH, (F.2) 

In the presence of oxidizing agents such as FejOj and SO42-, the Buswell and Mueller equation is not 
applicable 
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Annex G 

(informative) 

Example of determination of recovery rate 



G.I Principle 

Plastic materials are normally of more complex composition compared to materials witt> low motecular masses 
Measurement of the blogas evolution may be not sufficient in some circumstances tc characterize and quantify 
their biodegradabillty. During tMOdegradation, new biomass is produced by the microorganisms, and part of the 
cartx)n In the test material Is transformed into biomass and not converted biochemicalty into biogas Thus test 
parameters such as CO2 production, IC and CH4 production will often not reach 100 % of the theoretical value, 
even in the case of complete biodegradation of a test material. An insufficient degree of tiiodegradation could 
erroneously t}e deduced from such results. Due to the low yield coefficient of the anaerot>ic consortia concerned, 
the amount of new biomass will be less compared to aerobic cultures Nevertheless, it may t>e valuable in some 
circumstances to estimate the amount of the biomass at the beginning and the end of the test It should, however 
be taken into account that the methods for the measurement and calculation of the biomass in anaerobic 
systems often lead to unsatisfactory results. The determination of the recovery rate, as descritied m this anr)ex. 
may be helpful in such cases to confirm complete biodegradability. 

Detemiination of the recovery rate is based on the amounts of cartjon determined by the following measurements 
cartmn evolved as cartx)n dioxide gas, water-soluble inorganic cartxjn (IC) and methane evolved as gas. carbon 
In the form of new biomass produced, water-soluble organic metabolites produced in the degradation process aid 
determined as DOC and the cart>on content of the residual undegraded polymeric material The sum of ttus 
cartx>n is compared with the amount of organic cartxin in the test material introduced into ttie test system 

G.2 Test procedure 

G.2.1 Determine the amount of biogas (COj and CH^) 

G.2.2 Determine the amount of Inorganic carbon in the aqueous phase 

G.2.3 Determine the DOC in the filtered test suspensions or in the supernatant liquid using eg ISO 8245 
and calculate the increase in organic cartwn. Try to identify, if possible, the materials forming Vne DOC in 
order to confirm that water-soluble metabolites have been produced 

It is recommended that the DOC be measured at the beginning and the end of the test if water-soluble 
polymer components are present, the question will have to be examined as to whether the DOC can be 
counted as the biodegraded part of the sample or not. It is recommended that any high DOC values obtained 
at the end of the test be scrutinized closely, as they could be an indication that metabolites or polymer 
components are present which could accumulate in the environment 

G.2^ Determine the biomass in the test material (see Note) by taking sanples of the inoculated medium at 
the beginning, before adding the test material, and of the test suspenskjn at the end of the incubaOon period 
Sampling must be carried out carefully to <*tain representative sa»nples Filter the samples through a m«nbr»ie 
fWer or centrifu^ at about 40 000 m s'^ (see 3.5). 

Detennine the amount of biomass in the fMtrate or centrifugate using a suitable method Determine or assune ttw 
amount of cartxm in the bwmass and cateulate, from the difference between the values at the beginning and end 
of the test, the vicrease in the amount of organk: carbon in the bomass 

NOTE It may be difficuK to calculate ttie exact amount of cart»n m the biomass by imliwct methods such as protein 
measurement l?>kl or DfJA rrwasuremem or measufement of metatxjlic activtty Due to the higfi biomsss content of ff« 

23 



IS/ISO 14853:2005 

samples me de:e,Triina!!on of the biofnass by indirect methods can lead to a high error in calculating the recovery rate 
When using proiem measurement it is questionable to assume that the cartran content of the biomass is given by a fixed 
ratio of 1 1 : proiem cartjon I because this ratio depends on physiological and nutritional factors In fact, there is no 
satisfactory noirect method available for calculating the carbon content of the biomass. 

G.2.5 Determine the amount of polymeric material remaining at the end of the test using all the remaining 
test suspet^sicns This is normally a difficult procedure but can be done either directly if a polymer-specific 
analysis is available or indirectly In the first case, extract and measure the amount of residual polymeric 
material and calculate, from the known composition, the amount of cartion left. A possible indirect 
determination is washing, drying and weighing the residue and determining the total organic carbon (TOC). 
Then subtract the biomass cartxDn (obtained from the bicmass determination) from the TOC to obtain the 
amount of carbon in the residual polymeric material. 

G.3 Calculation of the recovery rate 

Calculate the biochemically produced amounts of carbon (CO2, IC and CH4) in each test vessel (i.e. the amount 
of carbon gasified from the test material into the gas phase plus the amount dissolved in the medium) using 
Equations (G 1), (G 2) and (G 3): 

t'co2 ^M('co2)T,n-2rr3 -Mean(fc02)B,/B2/B3 (G.I) 

('cm =(f"cH4)T,n-2/T3 -Wean(CcH4)e,/B2/B3 (G.2) 

'ic ={<ic)t,/T2/T3 -Mean<(:|c)B,;B2'B3 (G.3) 

where 

'"co2- 'ic- Qh4 af'e those parts of the carbon in the introduced test material which are biochemically 
converted info COj, IC and CH^, expressed in mg; 

T t/T/Tj indicate test vessels Nos 1 to 3: 

Bi'Bj/Bj indicate blank vessels Nos 1 to 3 

h.^!^'lcI^TTh'"^i^^ '" ^'^T ^'^.'" ^^ '^*' ^^^' containing test material Co-o by comparing the 
biomass at the begmnmg and the end of the incubation test penod considering the measured or estirnated 
amounts of carbon in the b«mass, < bio«^, and C^^^ in accordance with Equation (gT 

' BIO '' < BIOierxJlTi/Tj/Tj " < BIOlstamTt/Tj/Tj /Q 4j 

where 

'^" ':llTe:l;::^T.'^. '^^ '"'^^^""^ '^^^ '"^'«-' ^*^^ '^ '^-^e-i-Hy converted into 

< -^.^ is ^ carbon content of the biomass in the test vessels at the end of the test, expressed 

''"^'^' ex^S.^Tmg""'"' "' "" ''°"^"' '" "^ '''' -^^'^ at the beginning of the test, 

^Z.:::^^.^?-:^^ SrS?*^ *"i*n"^^ ^ ^^ by comparing the DOC 
"^ y DOC"**" ^^'^^^'^DOCiend)'" accordance with Equation (G.5): 

<"dOC =f0OC(ePd)T^2/T3-rDOC;start)T^2/T3 .^ 5, 
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where 

f DOC '^ "^^' P^*^ °^ '^^ carbon in the test material introduced into the test vessels which is 

biochemically converted Into DOC, expressed in mg, 

rQoc(end) '^ *^^ content of dissolved organic carbon in the test vessels at the end of the test expressed 

in mg; 

CQoc(start) '^ ^^ content of dissolved organic carbon in the test vessels at the beginning of the test 
expressed in mg. 

Determine the amount of organic carbon In the polymeric material remaining in each test fiask at the end of the 
test CpoL. expressed in mg. 

From the various amounts of converted carbon (^02, C\q. f ch^. fgiO' <^'doC' ' poO calculated tor the test 
vessels (T^, Tj, T3), calculate the recovery rate Crec expressed as a percentage of the total amount of cartxsn 
introduced C|y^j, from Equation (G.6): 



^ ^ CC02 + <^IC -^ '^CH4 + '^BIO ■* '^DOC •*• ^'POL ., ( 



REC=^ '■ '■ — : 100 (G6j 

<- MAT 



2S 
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Annex H 

(informative) 

Example of a workflow scheme 
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Preparation (or trie anaerobic biodegradation lest 



r 



CoHect digested ttutigm 



Prepare flaslcs 



Pre-incubatkm and/or washlrig of 
digested sludge 



Background gas praductlon low? 
NO YES 



Suspend sludge In medium 




Prepare medium 



3 tests 



1 positive 
reference 



Add test material 
(100mg/IOC) 



3 blanks 



Add reference material 
(100 mg/l OC) 



Mineral salts 

(optional trace elements from stocl< 

solution, optional vitamins from 

stock solution} 



Purge medium with 
oxygen-free inert gas 



Add medkjm arv) alk^uots of prepared sludge to 
give a final concentratnn of 1 ^ to 3 g/l total solMs 



Use extra repNcata to determine 
pH. total sa«da and IC 



Seal each vessel with gaslight septum 
and equlibfate at 35 *C for 1 h 



Reduce medium with disodium 
sulfMe and (opttonally) 
with sodium dithionlte 



Medium colourless? 
YES NO 



After equiibratioo, release excess gas arxJ 
continue to incubate vessels at 35 *C 
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